Compared with the total, the amount of manganese (if any) which is attached to water-soluble phosphatases is negligibly small. SUMMARY 1. Spectrographic studies and determinations based on periodate oxidations show that the manganese content of ox femur is of the order 0-27-0 51 p.p.m. depending on the type of bone, compact or cancellous. Irrespective of the type this corresponds to about 1*4 p.p.m. expressed on the ash.
(Received 3 November 1951)
Although many papers have appeared on the manganese contents of the tissues of various animals, in no case has a survey been recorded of the concentrations in all the tissues of a single animal.
Such a survey might provide a better clue to function than comparisons of the manganese contents of tissues from different individuals or species. EXPERIMENTAL Animal8 and material8
The rabbit was chosen for this investigation because it is ofa convenient size for obtaining reasonable amounts of small bodies such as the pituitary and pineal glands. Four animals were used; samples of most tissues were obtained from an adult female chinchilla and of the other tissues from the remaining three. Specimens of incompletely separated adrenal cortex and medulla, thymus and thyroid were obtained from a resting adult female chinchilla; specimens of mammary gland, thyroid and lung were obtained from a lactating female albino, and samples of pancreas, thyroid, testes and spinal cord from an adult male chinchilla. Liver samples from each animal were used as controls. The pineal and pituitary glands from the last two animals were examined. The separation ofthe duodenal mucosa and muscularis tissue was only approximate. All dissections were made with carefully cleaned stainless-steel instruments. Using portions of kidney and liver from the first rabbit, homogenates were prepared and dialysed in cellophan bags against changing glass-distilled water for 10 days, toluene being added as preservative. The residue in each bag was divided into two portions and the Mn content of each determined.
Method of analy8i8
Mn was determined by a modification (Fore & Morton, 1952a) of a method described by Kun (1947) based on the catalytic oxidation of diethylaniline by Mn++ and periodate to give a coloured product absorbing at 470 m,.. The experimental error is from A 10 to ±20 % depending on the size of the sample.
RESULTS
The findings on rabbit tissues are recorded in Table 1 . The manganese contents based on fresh tissue weight are listed in decreasing order in Table 2 . For comparison, (a) the values reported in the literature for each rabbit tissue have been averaged, and (b) the values reported for each type oftissue irrespective of species have been averaged. The published figures for the rabbit were obtained from papers by Bertrand & Medigreceanu (1912a, b; 1913) , Ellis, Smith & Gates (1947) , Lorenzen & Smith (1947 ), Lund, Drinker & Shaw (1921 , Ray (1938) and Richards (1930) . The figures in the right-hand column of Table 2 are averages obtained by attaching the same weight to all the published figures which can be traced. The number of papers consulted is about thirty-five and a full list of references would take up too much space.
The results of the dialyses are given in Table 3 , and if the figures 2-0 and 1-2 p.p.m. are accepted for the manganese contents of the liver and kidney homogenates, respectively, it appears that in the liver 74 % of the manganese, 72 % of the dry matter of it very firmly combined. If it is assumed that in all tissues having somewhat higher manganese DISCUSSION contents, a portion of the manganese is dialysable, Although simple distribution studies of elements or then the already narrow range for total manganese compounds have in some instances provided (Table 2 ) becomes even narrower for the 'bound' valuable clues to specialized function the figures manganese. The small range of manganese concengiven in Table 2 do not indicate a localized role. The trations is consistent with a general metabolic role. ubiquitous occurrence of manganese in the animal The fact that little or no dialysable manganese is body suggests a role in general cell metabolism as present in ox retinas which contain only 0*13 p.p.m.
opposed to metabolic processes characteristic of of manganese (see Fore & Morton, 1952c ) supports particular tissues. Such a role for manganese would the idea that it is only those tissues relatively rich in not of course exclude other roles restricted to those manganese which contain the element in dialysable tissues with a specially higher manganese content. form.
V01. 5I
Indications have been obtained in other work (Fore & Morton, 1952b ) that some of the manganese in bone and bone marrow is attached to the cell membranes. It is therefore interesting to consider the average proportion ofmanganese to protein in the tissues. If 0-5 p.p.m. (Table 2 ) is taken as the approximate tissue content of non-dialysable protein would need to have a molecular weight ofthe order 106. This figure, though large, is not impossibly so since, for example, the muscle protein myosin has a molecular weight of that order. The concept of manganese attached to the cell membrane is not entirely new. Albert, Rubbo, Goldacre & Balfour (1947) suggested that oxine inhibited bacterial growth by combining with essential metals in the bacterial surface, and Gale (1949) has shown that oxine inhibits glutamic acid assimilation in bacteria by combination with a metal in the cell, probably manganese.
The relatively high manganese contents of liver and lactating mammary gland could be accounted for, at least in part, by a high arginase content, and the somewhat high manganese content in the tissues of the intestinal tract might similarly be attributed to manganese present as part of the peptidase system. SUMMARY As part of a programme of research on the biochemistry of vision the manganese contents of the eye tissues of the ox have been determined. The only similar study appears to be that of Tauber & Krause (1943) , who used an extension of the periodate method (Wiese & Johnson, 1938) on samples obtained by taking tissues from the eyes of a large number of oxen. The method used here is the modified catalytic method (Fore & Morton, 1952a) ; it is sufficiently sensitive to be applicable to the tissues from single eyes.
EXPERIMENTAL
Left and right eyes from each of two oxen were studied separately. After removing muscle, etc., attached to the sclera, each eye was dissected using carefully cleaned stainless-steel instruments. Separation of the tissues was complete except perhaps for the conjunctiva, and minute fragments ofiris tissue were sometimes present in the sample of vitreous humour. The optic nerve was cut out of the sclera, leaving no nerve tissue in the selera sample, from which choroid pigment was carefully removed. The cornea, lens, sclera, optic nerve and conjunctiva were washed with glass-distilled water and touched on filter paper (Whatman no. 50) before weighing. The retina, choroid and the vitreous and aqueous humours were placed directly into crucibles.
The iris, which adheres to the delicate membrane retaining the vitreous humour, was touched on filter paper to remove traces of vitreous humour.
In a later experiment a retinal homogenate was prepared from about forty ox retinas, toluene added and the brei dialysed against changing glass-distilled water. The Mn contents of samples removed from the cellophan bag at 70 and 180 hr. were determined by the modified catalytic method.
RESULTS
The results of the manganese determinations of the eye tissues are given in Tables 1 and 2. In Tables 3-5 the tissues are arranged in order of decreasing manganese content alongside the values obtained by Tauber & Krause, who did not examine the aqueous humour nor the contents on an ash-weight basis.
The results of the dialysis experiment are given in Table 6 . The weight of the homogenate used for dialysis expressed as dry weight (*) was calculated using the percentage dry weight (not given) obtained for two samples of the homogenate. Then, from the manganese content of these samples and the calculated dry weight, the absolute amount of manganese in the homogenate used for the dialysis (t) was obtained.
